Background. The aim of this study is to assess the effect of parental and partner's education and smoking behavior on an individual's chance of smoking cessation over the life course.
Introduction
It has been estimated that less than 50% of all smokers will quit permanently [1] . Therefore, the ongoing study of social determinants of cessation, through cessation programs as well as unassisted quitting, is relevant. Many studies on smoking cessation focus on sociodemographic characteristics, motivation (stages of change), and beliefs of people who participate in cessation programs [2] . Research showed that successful cessation is more likely for men, people with a higher socioeconomic status [3] [4] [5] [6] and higher motivation [7, 8] , and people who have more non-smokers in their social environment [7,8 -10] . Studies frequently focus on specific groups such as adolescents [11] or pregnant women [10, [12] [13] . Few studies use data from the general population [14] . Relatively little attention has been paid to the role of socioeconomic status and smoking behavior of relevant others. This is especially true for quitting during adulthood and general population samples.
There is much research on smoking initiation in adolescence and the influence of parental socioeconomic status [7, 15] and smoking [16] . Studies on the effect of parental smoking on cessation are more rare and only involve adolescents [17] . With regard to partners, previous research suggests that spouses influence each other's health behavior through their socioeconomic status, behavior, and support [8, 10, 18, 19] . In this study, we focus on the influence of parents' and partners' characteristics on the chances of quitting smoking over the life course. More specifically, we employ longitudinal data from a general population sample to assess the effect of parents' and partners' education and smoking behavior on smoking cessation.
Previous research has often studied the effects of the presence or absence of a partner but has not actually ad-dressed partners' characteristics or behavior directly [18, 20] . Research has showed that people who are married or live together have lower smoking rates and higher cessation rates than single people [18] . However, the group of married and cohabiting people is heterogeneous with regard to the partners they live with. Partners' education and smoking behavior differ strongly among married or cohabiting people. High-educated people have higher cessation rates than low-educated people [21] . Are people with a higheducated partner also more successful at quitting smoking? A recent study showed that partner's educational level is associated with being a current smoker in addition to own education [21a] . A Danish study [6] reported that having a non-smoking partner at baseline increases the chance on successful cessation during an 8-year follow-up period. This suggests that partners' characteristics should be studied in addition to the effect of having a partner. In most studies, partners' education is not examined and partners' behavior is measured only at baseline or follow-up. If smoking behavior is measured at baseline, we do not know whether the partner started or quit smoking after baseline. Furthermore, non-smoking partners at baseline can be either never-smokers or ex-smokers. Previous research has generally ignored partners' smoking histories and partners' behavioral changes over time. Moreover, there are three major limitations to analyzing the determinants of cessation in a fixed time period such as follow-up studies [22] . First, loss of information occurs because of (a) variability in the timing of cessation among those who quit during follow-up, (b) the occurrence and timing for those who quit after the observation period, and (c) any further duration of smoking for those who did not stop. Second, time-dependent covariates such as partners' smoking behavior cannot be employed. Third, if the effects of covariates on the hazard rate of cessation vary with time, then the results become conditional upon the length of the arbitrary fixed time period. In this study, we will apply event history analysis as a novel method to assess the influence of parents and partners on smoking cessation. Event history analysis has been used before to study the determinants of initiation and cessation of marijuana and illicit drug use [23, 24] . It estimates the effect of determinants and confounders on the likelihood of quitting smoking during each year in which a smoker is "at risk" of giving up smoking (i.e., has not yet quit) while taking into account the changes that can occur over time in the determinants and confounders.
The purpose of the present study is to answer the following research questions: (1) To what extent do parents' education and parents' smoking behavior (during adolescence) influence the chance of smoking cessation over the life course? (2) To what extent do partners' education and partners' smoking behavior influence the chance of smoking cessation over the life course? As a considerable number of people live without a partner during a substantial part of their lives, we simultaneously study the effect of having a partner and the effect of the partner's education and smoking behavior.
Methods
We employ data from the Family Survey Dutch Population 2000 [25] . This survey has two unique features. First, it retrospectively recorded life histories concerning education, relationships, and smoking behavior. Second, if a respondent was married or cohabiting, the interview was also conducted with his or her partner. Respondents were obtained through a random two-stage sample in The Netherlands. First, a random representative sample of municipalities was selected. Subsequently, a random sample of inhabitants between 18 and 70 years of age was drawn. The interviews consisted of a computer-assisted, face-to-face interview and a self-administrated questionnaire. The cooperation rate was 47%. This relatively low rate was partly due to the need to get both partners to participate. In general, participation rates have been low in The Netherlands over the past 10 years. The initial sample consisted of 850 primary respondents and 691 partners. In this sample, the percentage smokers was 37.5 and 29.3% for men and women, respectively. This closely resembles the prevalence of smoking in the Dutch population. According to Statistics Netherlands [26] 36.2% of men of ages 16 and older were smokers in 1999/2000, while 30.6% of women smoked. Twenty-eight respondents in the initial sample smoked exclusively cigars or pipes. They were removed from the analyses. Selecting respondents who had at one time smoked cigarettes (for at least a year) left a sample of 512 primary respondents, of which 250 had quit smoking. The number of cases used in the event history analysis varies slightly among the models due to inadequate information on partners or parents.
Measurements
Respondents were asked at which age they first started smoking and whether and when they had stopped smoking for more than 6 months. From this information, we constructed a variable indicating cessation. This means that respondents who quit less than 6 months were treated as smokers. Respondents were also asked how many cigarettes per day they currently smoke or smoked before they quit. Smoking intensity is recoded in three categories: smoking up to 10 cigarettes a day, 11 to 20, and more than 20 cigarettes. Another question asked if and how much the respondent's parents smoked when the respondent was between 12 and 15 years of age. We computed a variable indicating whether one or both parents were smokers or whether both parents were non-smokers.
We constructed four educational levels from the detailed information of respondents, parents, and partners: primary education or less, lower secondary education (including lower vocational), upper secondary education, and tertiary education (this includes university and vocational college as well as postgraduate education). Respondents' educational level correlated moderately with fathers' and partners' education (0.4 and 0.46, respectively), but additional analysis showed that there were no multicollinearity problems. Information about smoking and education of the current partners is taken directly from the interviews with these partners (they were interviewed in exactly the same way as primary respondents). Information on ex-partners was obtained during the face-to-face interviews from the primary respondents. They were asked to report the smoking behavior and educational level of ex-partners with whom they had lived for at least a year or to whom they had been married.
Statistical analysis
We employ a discrete-time hazard rate model to estimate the likelihood of quitting smoking [27] . This way we obtain hazard ratios that can be interpreted as the effect of the independent variables on the likelihood (hazard rate) of quitting smoking, for respondents who have not quit yet. The most important advantage of the hazard rate model is that it allows for time-varying independent variables next to time-constant ones. As our data hold detailed information on the smoking histories of respondents and their spouses, we can include spouses' smoking behavior at every point in time. Likewise, the presence or absence of a partner is known over time. Nor is a person's educational level fixed over time. Most people have not finished full-time education when they take up smoking. Their final level of education may change during the period that they smoke (that is, during the time that they are at risk of cessation). We estimate a hazard rate model by applying logistic regression on a person-age file with smoking (0) or quitting (1) as the dependent variable [27] . In the person-age file, every respondent is represented by a number of cases equal to the number of age-years that he or she was "at risk of quitting smoking" (e.g., the years he or she was smoking) up to and including the age-year in which the respondent quit. Respondents who did not quit are included up to the time of the interview because they were still at risk of quitting (right censoring). Each case includes the state of the variable set (e.g., age, education, partner's education, and smoking) as it was at that particular age of the respondent. We cut off our analyses at a period of 40 years of smoking to have a minimum of 30 cases in the older ages. In the analyses, we modeled age by taking its natural log. We tried several ways of modeling age and this proved to be the best fitting and most parsimonious method.
Technically, the model is defined as
where T is the discrete random variable giving the uncensored time of the event (cessation) occurrence [27] . The hazard rate P(t) is the conditional probability that an event occurs at time t, given that it has not occurred earlier.
Logistic regression is used for the parameterization of the hazard rate. In logit form it reads: log(P(t)/1 Ϫ P(t)) ϭ a(t) ϩ ␤ 1 x 1 ϩ ␤ 2 x 2 (t). A(t) is a set of constants varying by time, ␤ 1 is a vector of coefficients for time constant determinants (e.g., gender, parents' smoking during adolescence), and ␤ 2 is a vector of coefficients for time-varying determinants (e.g., age, having a partner, partners' smoking behavior). The coefficients of ␤ 1 and ␤ 2 and their standard errors are used to calculate hazard ratios and confidence intervals.
Results
In Table 1 , we present the descriptive statistics of the cross sectional sample of smokers and ex-smokers, and the descriptive statistics of the event history sample (personage file). There were 304 men and 208 women in the sample, 142 and 108 of whom had quit smoking, respectively. There were more men than women in the sample because men have higher initiation rates. Most smoking initiation took place in late adolescence; between 15 and 18 years of age, 55% of the respondents started smoking. Thirty-one percent started at a younger age and 14% took up smoking after the age of 18. On average, women took up smoking later than men did, namely at age 17, whereas for a n ϭ 512 (smokers and ex-smokers). b n ϭ 10,454 (person years in the analyses with parents); n ϭ 11,380 (person years in the analyses with partners). men average age of onset was 16. Women's mean cessation age (32) is lower than men's (39). Fig. 1 shows the hazard rate of cessation by smoking duration for all respondents. As found in previous research, the likelihood of quitting smoking increases with duration (or age as duration and age are highly correlated due to relatively little variation in initiation age). Tables 2 and 3 show the results of the event history analyses. As found in previous studies, our results show that older respondents are more likely to stop smoking (P Ͻ 0.001) [5, 6, 28] . Men appear to be more likely to quit smoking than women but the differences are not significant (P ϭ 0.07 to P ϭ 0.18 in the four models). Higher-educated respondents are more likely to quit smoking than respondents with a primary (or no) diploma. On average, the highest educated respondents are more than twice as likely to stop smoking than the members of the lowest group are (P Ͻ 0.001). The differences between respondents with secondary and tertiary education show the expected pattern, but they are not significant (P Ͼ 0.05).
Respondents who started smoking at an older age are less likely to quit smoking (P Ͻ .05). In the literature, late onset usually has a positive effect on cessation, although not all results are consistent [29] . Those who smoke more than 11 cigarettes daily have a smaller likelihood of giving up smoking than respondents smoking up to 10 cigarettes a day (P Ͻ 0.01). These findings reconfirm those found in earlier cross sectional and follow-up research [5] .
In Table 2 , our expectations concerning parental influence are not confirmed by the data. Neither fathers' educational level (model 1) nor parents' smoking behavior during respondents' youth (model 2) is associated with smoking cessation later in life. Respondents have lower odds of quitting as long as they are still living with their parents (P Ͻ 0.01). We entered an interaction term for "living with parents" with fathers' education and parental smoking to test whether parental influence decreases when respondents move out of the parental home. These interactions were not significant. We also tested whether the intensity of parental smoking matters, but this too did not yield significant results (results not shown). Table 3 presents the results of two models testing the impact of partners' education (model 1) and smoking behavior (model 2) on cessation. The effects of gender, smoking intensity, and initiation age on the hazard rate of cessation are similar to those in the previous models. Notice that introducing information on partners decreases the age effect considerably in the second model. Concerning the role of partners, we observe that living together with a partner almost doubles the likelihood of quitting compared to being single (controlled for age effects; P Ͻ .01). Model 1 shows that, if a partner is present, partners with primary education have a significant negative effect on the likelihood of cessation (P ϭ 0.04), compared to partners with tertiary education. After controlling for partners' smoking behavior, however, this effect was no longer significant (results not shown). We tested whether women are more influenced by their partners' education than men are. The interaction term of partners' education with sex did not yield a significant result; men and women did not differ in this respect.
From the second model in Table 3 , we observe that partners' smoking behavior itself is important (P Ͻ 0.01). Compared to having a never-smoking partner, living with an ex-smoker doubles the chances of quitting (P Ͻ 0.001). Respondents with partners who smoke are the least likely quitters of those respondents who live together with a partner. Moreover, respondents whose partner smokes do not differ from respondents without a partner in their likelihood of quitting smoking (OR 1.37, P ϭ 0.14). Respondents living together with an ex-smoker, on the other hand, are almost five times more likely to quit smoking than single respondents are (OR 4.96, P Ͻ 0.001). These findings hold true also after controlling for partners' education. We checked whether simultaneous quitting by both partners caused the effect of having a partner who is an ex-smoker, but this was not the case. Only in four couples did both partners stop at the same time, and excluding them from the analyses did not change the results.
Discussion
In contrast to some studies on smoking initiation, we did not find an effect of fathers' educational level or parental smoking behavior on smoking cessation over the life course. Our results do show that partners are very important for smoking cessation and that this goes beyond the presence or absence of a partner. The presence of a partner had a positive effect on cessation. However, we found that partners' smoking behavior had a significant effect on smoking cessation. Partners who were ex-smokers or neversmokers had a more favorable effect than partners who smoked. A smoker was more likely to quit smoking if his/her partner had quit smoking in the past than if his/her partner smoked or had never smoked. The difference between having or not having a partner seems as important as the contrast between having a smoking partner and a partner who has quit smoking. Living with a smoking partner seems to reduce the chance of quitting as much as living without a partner. Partners who are ex-smokers have the strongest positive effect on cessation. Partners' education on the other hand does not play a significant role in cessation after controlling for partners' smoking behavior.
Before elaborating further on our results, we need to discuss some possible limitations of our study. We used self-reported smoking data and retrospective questions. Although some misclassifications cannot be ruled out, previous research has shown self-reported smoking data to be accurate [30] . The reliability of retrospective questioning depends very much on the nature of the subject and the way in which the questions are formulated. The quality of retrospective data is best for more salient events [31, 32] . Our retrospective data concern clearly defined events, such as quitting smoking, getting married, or cohabiting, which are all but trivial for most people. Before answering retrospective questions on smoking behavior, respondents reported their educational and employment histories, aided by a timetable. This will have improved their ability to recall their smoking history. Moreover, the main issue in using retrospective data, at least in correlational analysis, is not whether there is no measurement error at all, but rather whether there is a systematic measurement error associated with indicator or outcome variables that leads to a seemingly false conclusion. We have no reason to assume such systematic errors in our sample. Random errors, on the other hand, will make it more difficult to find confirmation for our hypotheses. We would like to encourage replications of our model with prospective research.
For all models, we checked whether the onset of serious chronic conditions, such as respiratory or cardiovascular diseases, affected cessation. Respondents were asked at what age they first experienced serious chronic complaints. Controlling for the onset of these complaints did not affect any of the results presented in this study (results not shown).
The lack of evidence for parental influence on cessation in our sample may partly be due to a selection problem and lack of detailed information on parental smoking. By definition, our sample includes only persons who have smoked at one time or still smoke. The greatest parental influence on smoking behavior appears to lie in initiation. For initiation, there is a bivariate association between parental smoking and respondents' smoking. Respondents whose parents smoked were more likely to be smoking at the time of the interview or to have smoked at one time, compared to respondents whose parents were non-smokers (odds ratios and 95% confidence intervals of 1.53, 1.02-2.28; and 2.32, 1.63-3.29, respectively). A recent U.S. study [17] showed that parental cessation discourages uptake of smoking and increases cessation in adolescents. Given the differences in partner effects by smoking status, we could well have found parental effects if we had had more information on parental smoking history.
We did not find significant gender differences, although the results suggest that men are more likely to quit smoking than women are. This would be in line with the findings of a general population study in Denmark [33] where male gender was associated with higher cessation rates. We think that the relatively small sample size is the most likely reason for the lack of support in this study.
The results found for partners' smoking behavior call for more research into why a partner who is an ex-smoker increases the chance of cessation, compared to a partner who has never smoked or one who still smokes. Cessation programs could learn from the experience of these couples. Ex-smokers might want to ban all smoking in their homes (for health reasons). They might be more aware of the problems associated with stopping and/or they might be better at supporting their partners. They also might act as role models, inspiring the smoker to try quitting as well. Smoking partners, on the other hand, might act as negative role models and cause early relapse. Cessation research studying social support and influence from the social environment should take detailed information on partners and other "significant others" into account. Event history approaches seem fruitful in contributing to our knowledge about smoking cessation. In future research, we also plan to study the impact of other events on cessation over the life course.
